
 1

Fig. 1 Instrument 

Abstract-Laser induced auto- fluorescence and 
Raman spectra of serum from cancerous and 
normal people are measured and analyzed. Three 
Raman peaks were consistently observed 
from normal blood serum emission using 
488.0nm and 514.5nm excitation of an 
Ar-ion laser, whereas no peak or only slight 
Raman peaks were detected from tumorous 
cases. The content of  (�- carotene) in the serum 
from normal is higher than that from the 
cancerous one ,this result agrees with other 
reports. 
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I. INTREDUCTION 
Laser induced fluorescence spectroscopy and 
Raman spectroscopy are two kinds of optical 
tools to be used to probe the molecular 
structure and contents. It is well known that 
big biological molecules chromophores such 
as protein, flavins, riboflavin and porphyrins 
can display well-defined visible fluorescence 
spectroscopy with Raman spectroscopes are 
very sensitive to the microenvironment of pH, 
redox potential, bonding sites, polarity, ion 
concentration et [1], one can revdal the 
difference in the physical and chemical 
properties between the health and abnormal 
blood serum. 
Resonance Raman scattering can enhance 
strongly certain vibration modes of 
chromophores because it involves transitions 
with the electronic absorption band of the 
chromophores when the induced laser 
wavelength approach the electronic absorption 
band. 
In the late 1950’s and early 1960’s, 
fluorescence spectrum technology was widely 
used in the majority of the molecular system 
of tissues. In the early 1980’s, laser induced 
fluorescence spectrum form normal and 
malignant tissues was measured and analyzed 
by R.R.Alfanl et al [2][3], and the difference of 
the spectroscopes form the two kinds of 
tissues was also used to diagnose the 
cancerous tissues, which normal tissue 
exhibited Raman spectra on fluorescence 
spectrum. 
Because the difference between malignant 
cancer tissues and normal tissues, when the 

metabolic end product of cancer cells go into 
blood by circulation, the components and 
contents of the biological molecules and their 
local environment will be changed. 
In this paper, the blood serum fluorescence 
spectroscopy from normal men and malignant 
patients is studied and analyzed .The results 
obtained by the laser induced native 
fluorescence and Raman spectroscopy reveal 
instrinsic difference between normal serum 
and cancerous serum. This new method may 
be a promising technology for diagnosing 
cancer from serum spectra. 

II. METHODS AND MATERIALS 
The experimental arrangement used to 
measure the fluorescence and Raman spectra 
from normal serum samples and malignant 
serum samples is shown in Fig.1. Anargon ion 
laser beam at 514.5nm was focused into the 
serum sample. The fluorescence signal from 
the serum was collected and focused into the 
entrance slit of a double 0.5-m grating 
scanning spectrometer (HRD-1) blazed at 
500nm. A photo multiplier tube (PM; R456 
Japan) located at the exit slit of the 
spectrometer measured the intensity at 
different wavelengths in scanning. The output 
signal of PMT was sent to lock-in amplifier 
(U.S Model 391) and an X-Y recorder 
combination to display the stable spectrum 
when measuring. The spectra were not 
calibrated for spectral response of the system. 
The laser power was about 100mW and laser 
was chopped at 700Hz. The spectral resolution 
was about 2nm. 
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The Hospital of DUT and The Hospital of 
Dalian Railway.422 normal serum specimens 
and 138 lung cancer serum specimens 
supported the experimental serum specimens 
and 330 other kinds of cancerous serum 
specimens have been measured. 
For each sample, two spectra were measured: 

(1) The spectrum from 520nm to 560nm 

excited by 514.5nm (spectrum É); (2) The 

spectrum from 510nm to 530nm excited by 

488.0nm after sample being radiated by laser 

(488.0 spectrum Ð) . What we recorded was 

relative intensity (absolute intensity divided 
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by maximum intensity) in order to reduce such 

interference as the undulation of laser power.  
III. EXPERIMENTAL RESULTS 

The typical auto- fluorescence and Raman 
spectrum obtained from the normal serum was 
displayed in Fig.2. The fluorescence peak is 
about 553nm. There are three stronger 
resonance Raman-shifted lines on the 
fluorescence spectral band, and the Raman 
line shifted by approximately 1518cm-1 is he 
strongest line, the line by 1006 -1 the weakest. 
The relative intensities of the three Raman- 
shifted lines to the fluorescence signal are 
1.94%, 8.28% and  8.96% respectively. Fig.3 
shows spectrum from pancreas cancer serum. 
The main peak of fluorescence is at 552nm. 8 
of 9 serum specimens have a smooth spectra 
from the esophagus cancer patients have the 
sane results as that of the pancreas cancer 
patients. Curve of 4 represents the typical 
fluorescence spectrum from the lung cancer 
serum, The fluorescence peak is at 552nm. 
Most spectroscopes from the lung cancer 
serums have no Raman-shifted lines or have 
the very weak resonance Raman signal. The 
relative intensity of the Raman line shifted by 
1525 cm-1 to the fluorescence is about 1.72%. 
Curve of Fig.6 shows the fluorescence 
spectrum of the stomach cancer serum with 
fluorescence peak at 554nm and weak 
Raman-shifted lines. The relative intensity of 
the Raman line shifted by 1518 cm-1 is about 
3.02%. 

IV. DISCUSSION 
The laser induced nature fluorescence and 
Raman spectra results indicate that the spectra 
from normal serums and from cancer patient 
serums are different. The main fluorescence 
peak excited at 514.5nm is from 549to 555nm. 
The normal serum spectra contour three strong 
resonance Raman-shifted lines, which are 
averagely shifted by 1010, 1160 and 1525 
cm-1 respectively, while the fluorescence 

spectra from cancer serums contour no 
Raman-shifted lines or Raman-shifted lines 
weaker than the spectra from normal serum. 
It was studied that the fluorescence spectra are 
partly from fiavin, cytochrome c and bilirubin, 
which is the metabolite of porphyrin ring in 
here proteins [3]. 
The resonance Raman-shifted lines can be 
assigned to �-carotene. The part fundamental 
frequency, sum frequency and overtone 
Raman spectrum of �- carotene in the CCl4 
solution are shown in Figure 6[4]. The three 
fundamental frequencies are shifted by 
1005,1156 and 1523cm-1 ,and the Raman line 
shifted by 1523cm-1 is the strongest line. 
There is only one very weak polarized 
Raman-shifted line by 1539-1 over 800 cm-1 
Raman-shifted spectrum range from the blank 
test of the liquid CCL4 So it can be considered 
that liquid CCL4 has no influence to the �
-carotene spectrum. 
The experimental results show that the content 
of � -carotene in blood serum from cancer 
patient is less than that from normal man. This 
conclusion is in agreement with the studies of 
Epidemiology and other experiments [5][6]. The 
survies of Eidemiology show the content of�
-carotene level in blood serum is much 
correlated with the danger degree of lung, 
uterus, stomach, and esophagus cancer. The 
higher is the contents of�-carotene in blood 
serum, the lower is the danger of cancer[7]. 
The experiments of animal and cytology show 
that�-carotene can inhbit the growth of cancer 
cells. Facts reveal that Vitamin A can not 
prevent cancer, although�-carotene is the raw 
material of vitamin A.  

V. CONCLUSION 
In human blood serum, there are a great 

variety of fluorescence materials. And only a 

small part of them have been made certain of 
[6]. Furthermore, different wavelength 
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excitation often results in different emission. 

Other factors such as photochemical reaction, 

solution pH, temperature also has effect on it. 

Serum spectrum is combination of that 

fluorescence material emission. And another 

factor- absorption should also be taken into 

account. 

In general, fluorescence emission is usually 

attributed to the transition of ð electron in 

conjugated molecule. Most fluorescence 

molecules have a carbon-atom-chain. The 

more the carbon atom number is, the bigger 

the value of fluorescence wavelength and the 

stronger the fluorescence emission are. 

Results of some studies indicate that 

porphyrin concentration occurs in cancerous 

serum [1][5]. Fluorescence ranging between 

600nm and 640nm may be derived from the 

transition of ð electron in porphyrin in heme 

protein [7][8]. And riboflavin contributes to the 

fluorescence ranging between 510nm and 

530nm[9]. In serum radiated by laser, many 

factors can influence its intensity distribution 

and spectral shape. The primary factor we 

supposed is photochemical reaction of some 

material accompanied with a serial of changes 

in serum. 

Researches performed in epidemiology 

showed beta carotene has close relationship 

with the incidence of cancer [12]. The higher 

content of beta carotene in serum, the less 

incidence of cancer. Further studies 

discovered that beta carotene plays an 

important role in the process of anti-cancer 
[12][13]. 

In this paper, the differences of native 

fluorescence and Raman spectra from normal 

and malignant blood serums were displayed 

and analyzed. The normal serum fluorescence 

band contours strong resonance Raman lines, 

while cancerous serum fluorescence spectrum 

contours no Raman lines or relative veak 

Raman lines. 

The intensities of the Raman scattering signals 

are correspondent to the contents of �
-carotene in blood serum. This result is 

agreement with the correlative studies. The 

further study of the changes of the resonance 

Raman signals may be one of main parameters 

to diagnose cancer. 
ACKNOWLEDGMENTS 

We thank to the Hospital of Dalian University 

of Technology and Tumor Hospital of 

Liaoning Province for supplying the samples 

and helpful assistance in clinical examination 

of subjects 

REFERENCES 
[1]. P. Pringsheim, Interscience,  New York 

1949. 

[2]. R. R. Alfano, S. S. Yao, Human teeth 

with and without caries studied by visible 

luminescence spectroscopy, J. Dent. Res., 

60, p120~122, 1981 

[3]. R.R. Alfano, D. B. Tata, J. Cordero, P. 

Tomashefsky, F. W. Longo, M. A. Alfano, 

Laser induced fluorescence spectroscopy 

from native cancerous and normal tissues, 

IEEE J. Quantum Electron, QE-20/12, 

pp.1507 –1511, 1984 

[4]. P. R. Carry., Biochemical Applications of 
Raman and Resonance Raman 
Spectroscopies, 1982, Academic Press. 

[5]. kehrer JP,CRC.Crit Rev Toxicol 
1993,23:21 

[6]. J. S. Bertram, Scientific Symposium on�
-carotene and Antioxidand Vitamins in 
Disease Prevention. Beijing, 1993;25 

[7]. S K.Gady,.Vitamin Intake and Healty, 

Marcel Dekkir Inc, New York,1991:29 

[8]. Msnoharan R, Shaferk,etal” Rawan 

spectroscopy and flaorescence photan 

migratian for breast cancer diagnosis and 

imaging” Photochern Photobiol 
67(1):15-22(1998) 

[9]. M Anita, R Rebecca, “ Raman 

spectroscopy for the Detection of cancers 

and Precancer,” Journal Biomedical 
Optics I(1): 31 (1996) 

[10]. D S Wolfbeis, M Leiner. Mapping of 

human blood serum as a new method for 



 5

its characterization. Analytica Chimica 
Acts, v167 p203, 1985 


	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


